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Abstract

Summary This study demonstrated the predictive values of
radiological findings for delayed union after osteoporotic ver-
tebral fractures (OVFs). High-signal changes on T2WI were
useful findings.

Introduction The purpose of the present study is to determine
predictive radiological findings for delayed union by magnetic
resonance imaging (MRI) and plain X-rays at two time points
in the acute phase of OVFs.

Methods This multicenter cohort study was performed from
2012 to 2015. A total of 218 consecutive patients with OVFs
<2 weeks old were enrolled. MRIs and plain X-rays were
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performed at the time of enrollment and at 1- and 6-month
follow-ups. Signal changes on T1-weighted imaging (T1WI)
were classified as diffuse low-, confined low-, or no-signal
change; those on T2WI were classified as high (similar to
the intensity of cerebrospinal fluid), confined low-, diffuse
low-, or no-signal change. The angular motion of the fractured
vertebral body was measured with X-rays.

Results A total of 153 patients completed the 6-month follow-
up. A high-signal change on T2WI was most useful in
predicting delayed union. Sensitivity, specificity, and positive
predictive values were 53.3, 87.8, and 51.6 % at enrollment
and 65.5, 84.8, and 51.4 % at the 1-month follow-up, respec-
tively. The positive predictive value increased to 62.5 % with
observation of high- or diffuse low-signal changes at both
enrollment and the 1-month follow-up. The cutoff value of
vertebral motion was 5 degrees. Sensitivity and specificity at
enrollment were 52.4 and 74.1 %, respectively.

Conclusions This study demonstrated the radiological factors
predicting delayed union after an OVF. T2 high-signal chang-
es showed the strongest association with delayed union.
Consecutive MRIs were particularly useful as a differential
tool to predict delayed union following OVFs.

Keywords Delayed union - Osteoporosis - Radiological
finding - Vertebral fractures

Introduction

Osteoporotic vertebral fractures (OVFs) in the elderly are a
major public health concern. Worldwide, there are an estimat-
ed 1.4 million new clinical OVFs every year [1]. Only about
33 9% of all vertebral deformities noted on radiographs come to
medical attention, and less than 10 % require hospitalization
[2, 3]. However, their potential long-term consequences
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include chronic pain, decrease in physical function and quality
of life, and depression [4—7].

In the majority of OVFs, the associated pain gradually sub-
sides as bony union and stability progress with conservative
treatment. However, some patients present with intractable
back pain for prolonged periods of time, while others suffer
from neurological deficits that develop within a few months
after the fracture. In such cases, insufficient union is noted on
dynamic lateral plain radiography and/or on magnetic reso-
nance imaging (MRI). The pain is typically aggravated by
weight-bearing positions [8]. About 80 % of patients with
delayed union have moderate or severe back pain, with a
visual analog scale (VAS) score of more than 30 [9].
Occasionally, a vertebra with delayed union leads to
delayed-onset collapse and the development of neurological
symptoms [9, 10]. For delayed union, kyphoplasty,
vertebroplasty, and spinal fusion surgery with instrumentation
are occasionally performed [5, 11-13]. However, it can take
several months to diagnose delayed union. For patients with
acute OVFs, kyphoplasty and vertebroplasty are performed to
reduce the acute pain and preserve vertebral height [5, 10-14].
Although early surgical intervention is effective, there are sev-
eral potential problems, including the risk of subsequent
OVFs, systemic cardiopulmonary side effects, and the costs
of medical care [5, 13, 15]. Moreover, because bone cement
has no osteoconductive or inductive properties, high polymer-
ization temperatures can result in damage to surrounding tis-
sues. Consequently, surgery should be limited to patients with
risk factors for a poor prognosis.

Our previous report showed that diffuse low- and high-
signal changes on T2 MRI predicted an increased risk of de-
layed union (odds ratio (OR) = 6.8 and 32.4, respectively)
[16]. However, the timing of MRI examination was not uni-
fied to within 2 months of the injury after the onset of pain. In
addition, we did not investigate the relationships between the
change in signal intensity or the area of MRI findings at mul-
tiple time points and delayed union. Therefore, the purpose of
this study was to investigate the predictive radiological find-
ings for delayed union at a fixed time point and the predictive
ability of the intensity change at two time points in the early
stage after OVFs. Moreover, since no reports have provided
data on the predictive ability of plain X-rays, which are usu-
ally taken in patients with OVF, the second purpose was to
reveal the predictive values of radiographic findings for de-
layed union.

Methods
Patients

A total of 218 consecutive patients with symptomatic OVFs
were eligible for and were willing to participate in this
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prospective multicenter cohort study, which was performed
from January 2012 to September 2015. Eleven hospitals par-
ticipated in the study. The inclusion criteria were age
>65 years, diagnosis of a fresh OVF, and onset of back pain
within 2 weeks prior to presentation. The exclusion criteria
were pathological fractures, more than one fresh fracture, ma-
lignant disease, dementia, and high-energy injuries. Fractures
were considered to be acute if the interval between the onset of
symptoms and the first visit was <2 weeks and the MRI
showed an abnormal signal change in the vertebral body.

The severity of pain was subjectively assessed by the pa-
tients using a VAS, which was based on the average level of
back pain that the patient had felt in the previous week. The
severity of pain was also reassessed using the VAS score at 1-,
3-, and 6-month follow-ups. To evaluate the patients’ activi-
ties of daily living (ADLs), we used the criteria proposed by
the long-term care insurance system of the Japanese Health
and Welfare Ministry for evaluation of the degree of indepen-
dence of disabled elderly individuals [7]. The ADLs were
ranked as follows: In rank J, although some disability is pres-
ent, daily life is almost independent and patients can go out-
side without assistance from other individuals; in rank A, pa-
tients live independently indoors but require assistance to go
out; in rank B, patients require some assistance living indoors
and spend most of the day in bed but are able to sit up, and in
rank C, patients spend all day in bed and require assistance
with urination/defecation, getting dressed, and meals.

Imaging assessment

At the time of enrollment and at the 1- and 6-month follow-
ups, the patients were examined using plain X-rays and MRIs
of the spine. Sagittal images of the spine, including the frac-
tured vertebrae, were taken with 1.5-T MRI scanners in nine
hospitals and 0.5-T scanners in two hospitals. The following
sequences were obtained with 1.5-T MRI scanners: T1-
weighted turbo spin echo with a slice thickness of 3 mm (rep-
etition time [TR] 400700 ms and time to echo [TE] minimum
accessible, depending on the capability of the machine), the
same sequence with T2 (TR 3000-4500 ms and TE 80—
120 ms), and STIR (a sequence with intrinsic fat saturation,
TR 2000—4000 ms, TE 60-80 ms, and inversion time 120—
170 ms). The following sequences were obtained with 0.5-T
MRI scanners: T1-weighted turbo spin echo, with a slice
thickness of 3 mm (TR 300-500 ms and TE minimum acces-
sible, depending on the capability of the machine), the same
sequence with T2 (TR 30004000 ms and TE 110—130 ms),
and STIR (a sequence with intrinsic fat saturation, TR 2500—
3500 ms, TE 2040 ms, and inversion time 120—170 ms).
Two of the study authors (S.T. and M.H., spine surgeons
with 10 and 18 years of experience in spinal MRI, respective-
ly) assessed the plain X-ray and MRI findings using a simple
classification system. The patterns of signal changes within
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the fractured vertebral bodies on MRI were classified based on
midsagittal and bilateral parasagittal (medial aspect of pedi-
cles) TIWI and T2WI images. The signal changes on T1WI
were classified into three patterns: diffuse low-, confined low-,
and no-signal change (Fig. 1). The signal changes on T2WI
were classified into four patterns: high, confined low-, diffuse
low-, and no-signal change. The intensity of the high-signal
change on T2WI was defined as similar to that of cerebrospi-
nal fluid. If at least two of three slices showed a low-signal
change in >50 % of the vertebral body area, the finding was
considered to be a diffuse low-signal change (Fig. 2). If only
one of the three slices showed a low-signal change, the finding
was considered to be a confined low-signal change. The two
spine surgeons who analyzed the images were blinded to the
outcome.

The plain X-rays were assessed based on the lateral
views between the supine and the weight-bearing posi-
tions, because the supine position is useful to elicit the
intravertebral cleft sign [17]. The percent height of the
anterior wall was calculated by the following formula:
[2 x affected vertebral height / (lower vertebral height +
upper vertebral height)] x 100 (Fig. 3). If the adjacent
vertebral body, either cranial or caudal, was deformed
due to an old fracture, the vertical height of the anterior
wall of the fractured vertebral body was divided by the
vertical height of the anterior wall of the adjacent non-
deformed vertebral body. The angular motion of the frac-
tured vertebrac was determined by the difference in the
segmental angle between the supine and weight-bearing
positions. Delayed union was defined as a recognizable
intravertebral cleft and apparent segmental motion on

dynamic plain X-rays (=5 degrees between supine and
weight-bearing positions) at the 6-month follow-up, as
assessed by two spine surgeons.

Data analysis

The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and accuracy of
each MRI finding for delayed union were calculated. The
ORs of each MRI finding for delayed union were adjusted
for the demographic variables of age, sex, level of OVF,
and presence of a posterior wall injury, which are report-
edly risk factors for delayed union [16]. The receiver op-
erating characteristic (ROC) curve was used to investigate
the relationship of the height ratio or angular motion of
the fractured vertebrae with delayed union. The cutoff
value was determined by two methods to estimate
Youden’s index and by the distance from the top left cor-
ner of the ROC curve. To establish whether there was a
significant difference in the VAS of back pain between
patients with and without bony union of the OVF, a re-
stricted maximum likelihood, mixed-model regression
was used. Either the chi-square test or Fisher’s exact test
was used to compare categorical variables. To assess
intraobserver and interobserver reliability of the above-
described MRI classification on TIWI and T2WI, weight-
ed kappa was calculated in 30 randomly chosen vertebral
bodies. The statistical test results were considered signif-
icant at p < 0.05. All p values were two-sided. All anal-
yses were performed using the SAS software package,
version 9.4 (SAS Institute, Inc., Cary, NC).

a.b-c.
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Fig. 1 Classification of OVFs on TIWI. a Confined low-signal change. b Diffuse low-signal change. ¢ No-signal change. Classification of OVFs on
T2WI. d Confined low-signal change. e Diffuse low-signal change. f High-signal change. g No-signal change
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Fig.2 A confined or diffuse signal change was defined by three slices. If
at least two of the three slices showed a low-signal change in >50 % of the
vertebral body area, the finding was considered a diffuse low-signal
change

Results

Of the 218 eligible patients, 3 died, 8 were excluded because
of other diseases, and 54 were lost to follow-up. As a result,
153 patients (125 females and 28 males) completed the 6-
month follow-up (a 70.2 % follow-up rate) and were effec-
tively analyzed. Their age at the time of enrollment ranged
from 65 to 93 years, with a mean age of 75.9 years. Twenty-

nine OVFs were observed in the mid-thoracic spine (T7-T9),
99 in the thoracolumbar spine (T10-L2), and 25 in the lower
lumbar spine (L3-L5). Overall, 47 % of the patients were
hospitalized for several weeks during the acute phase.
During treatment, 30 % wore tailor-made hard corsets, 62 %
wore tailor-made elastic corsets, 4 % wore ready-made elastic
corsets, and 4 % did not wear a corset. Each treatment was
prescribed by individual physicians based on the patient’s
condition. Severe back pain was reported at enrollment (aver-
age VAS score, 71.9 mm), and the pain intensity gradually
improved thereafter until the 6-month follow-up (average
VAS score, 21.9 mm) (Table 1). Delayed union was observed
in 30 patients (19.6 %) at the 6-month follow-up.

Tables 2 and 3 show the predictive values and adjusted
ORs for delayed union on MRI findings. On T1WI, the diffuse
low-signal change showed a relatively high sensitivity
(56.7 %), but low PPV (25.8 %) at enrollment. The OR
showed no significant increase compared with that of con-
fined low- or no-signal changes on TIWI. The findings
showed very low specificity at the 1-month follow-up and
no increase of the OR. In addition, all the fractured vertebrae
with diffuse low-signal changes on T1WI showed high- or
diffuse low-signal changes on T2WI.

On T2WI, the high-signal changes showed high specificity,
PPV, and NPV at enrollment, with the sensitivity gradually
increasing over time from 53.3 % at enrollment to 65.5 % at
the 1-month follow-up. The ORs of T2 high-signal changes
eminently increased when compared with those of confined
low- and no-signal changes. At enrollment, diffuse low-signal
changes on T2WI were not associated with the risk of an OVF,
but there was an increased OR at the 1-month follow-up. To
increase the sensitivity of T2 high-signal changes, the combi-
nation of T2 high with T2 diffuse low was established.

Fig. 3 a The percent height of the anterior wall was calculated by the following formula: [2a / (b + ¢)] x 100. b The vertebral segmental angle in the
weight-bearing position = A degrees. ¢ The vertebral segmental angle in the supine position = A’ degrees

@ Springer



Osteoporos Int (2016) 27:3567-3575

3571

Table 1

Changes in back pain and % height and mobility of fractured vertebral bodies on plain X-rays

Enrollment 1 month

3 months 6 months

VAS of back pain (mm) (SD)

71.9 ( 20.3 ) 389 (
Percentage of fractured vertebral body height
Anterior (%) (SD) 824 ( 13.9 ) 70.5 (
Angle of fractured vertebral body (degrees) (SD)

112 ( 6.9 ) 14.9 (

y 271 (256 ) 219 (251 )

) 639 (190 ) 612 (207 )

y 167 (85 y 173 (89 )

Angular motion of fractured vertebral body between supine and weight-bearing positions (degrees) (SD)

5.0 ( 39 ) 4.5 (

) 32 ( 4.0 ) 24 ( 43 )

VAS visual analog scale, SD standard deviation

Regarding the changes between MRIs performed at enrollment
and at the 1-month follow-up, if T1-confined low changes were
observed at both time points, all the fractured vertebrac were
fused at the 6-month follow-up. Conversely, if T2 high or T2
diffuse low-signal changes were observed at both time points,
the PPV was the highest (62.5 %).

Of the 153 patients, 107 underwent dynamic plain X-rays
at enrollment and at the 1-month follow-up. The ROC curve
demonstrated that the area under the curve (AUC) of the ver-
tebral height ratio showed no significant results (0.601 and
0.616 at enrollment and at the 1-month follow-up, respective-
ly). On the other hand, the AUC of vertebral angular motion at
enrollment and at the 1-month follow-up was 0.635 and 0.785,
respectively (Fig. 4). The cutoff value was 5 degrees at both
enrollment and at the 1-month follow-up. The sensitivity and
specificity were 52.4 and 74.1 % at enrollment and 75.0 and
74.0 % at the 1-month follow-up, respectively (Table 4).
Although the PPV was 33.3 % at enrollment, it was 57.1 %
at the 1-month follow-up. The adjusted OR significantly

increased at both enrollment and at the 1-month follow-up
(3.23 and 7.40, respectively).

With regard to their ADLs before the fracture, of the 30
patients with delayed union and 123 patients with union, 23
(76.7 %) and 112 (91.1 %) patients were capable of indepen-
dent living, 6 (20.0 %) and 9 (7.3 %) patients required assis-
tance leaving home, and 1 (3.3 %) and 2 (1.6 %) patients were
almost bedridden, respectively (Table 5). In terms of their
ADLs at the 6-month follow-up, 14 (46.7 %) and 94
(76.4 %) patients were capable of independent living, 12
(40.0 %) and 26 (21.1 %) patients required assistance leaving
home, 3 (10.0 %) and 3 (2.4 %) patients were almost bedrid-
den, and 1 (3.3 %) and no patients were completely bedridden,
among patients with delayed union and union, respectively
(p = 0.002). The frequency of reduced ADLs at the time of
the 6-month follow-up was 36.7 and 14.6 % for the delayed
union and union groups, respectively (p = 0.006). Figure 5
shows the change in VAS scores of back pain between the
delayed union and union groups. The VAS score was higher

Table 2 Predictive values and odds ratios of each MRI finding for delayed union after osteoporotic vertebral fractures

SEN SPE PPV NPV ACC OR* 95 % CI
Enrollment T1 diffuse low (n = 87) 56.7 60.2 25.8 85.1 59.5 1.71 (0.70-4.18)
T2 diffuse low (n = 10) 16.7 95.9 28.6 80.8 78.4 3.00 (0.47-18.96)
T2 high (n = 31) 533 87.8 51.6 88.5 81.1 8.55 (3.24-22.55)
T2 diffuse low or T2 high (n = 41) 70.0 83.7 47.4 89.6 79.1 7.23 (2.86-18.28)
1 month T1 diffuse low (n = 137) 96.6 12.7 21.4 93.8 29.3 2.87 (0.33-25.31)
T2 diffuse low (n = 24) 27.6 86.4 333 82.9 74.8 13.79 (2.44-717.88)
T2 high (n = 38) 65.5 84.8 51.4 90.9 81.0 46.04 (9.39-225.7)
T2 diffuse low or T2 high (n = 62) 93.1 71.2 443 97.7 75.5 30.55 (6.56-142.3)

MRI magnetic resonance imaging, SEN sensitivity, SPE specificity, PPV positive predictive value, NPV negative predictive value, ACC accuracy, CI

confidence interval

#The odds ratios (ORs) were adjusted for age, sex, level of fracture, and presence of posterior wall injury. The ORs of diffuse low on TIWI were
calculated in comparison with confined low- or no-signal changes on T1WI. The ORs of high- or diffuse low-signal changes on T2WI were calculated

compared with confined low- or no-signal changes on T2WI
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Table 3 Predictive values of

temporal changes in MRI findings Enrollment

1 month

SEN SPE PPV NPV ACC

for delayed union after

osteoporotic vertebral fractures TIWI

Confined low
Diffuse low
Confined low
Diffuse low

Iso or confined low
Diffuse low or high
Iso or confined low

Diffuse low or high

T2WI

Confined low
Confined low
Diffuse low
Diffuse low

Iso or confined low
Iso or confined low
Diffuse low or high
Diffuse low or high

=13 00 894 00 786 719
(n=3) 33 984 333 807 797
(=74 433 504 17.6 785 490
(n=63) 533 618 254 844  60.1
n=82) 33 341 12 592 281
(n=9) 33935 1.1 799 758
(n=30) 267 821 267 821 712
=32 667 902 625 917 856

MRI magnetic resonance imaging, SEN sensitivity, SPE specificity, PPV positive predictive value, NPV negative

predictive value, ACC accuracy

in the delayed union group throughout the study period
(p < 0.001). With respect to the reliability of our MRI classi-
fication system, the weighted kappa showed excellent
interrater and intrarater agreement on both TIW1 (0.844 and
0.907, respectively) and T2W1 (0.712 and 0.731,
respectively).

Discussion

This study demonstrated the predictive values of radiological
findings for delayed union according to the age of the OVF.
The presence of an intravertebral gas cleft in an OVF, which is
also known as Kiimmell disease, is considered indicative of
delayed union and is a rare condition [18]. However, when
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Fig. 4 The receiver operating characteristic (ROC) curve was used to
investigate the relationship of vertebral motion (the difference in the ver-
tebral angle between the supine and the weight-bearing positions) with
delayed union. Two methods to estimate Youden’s index (Y) and the
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dynamic X-rays, CT, or MRI is used, a higher frequency (12—
48 %) of delayed union or intravertebral clefts has been re-
ported, depending on the study population and the method of
diagnosis [16, 17, 19, 20]. There is no universal criterion for
the diagnosis of delayed union in OVF. The current study
employed the definition of a recognizable cleft with apparent
segmental motion between the supine and weight-bearing po-
sitions. Dynamic X-rays are particularly important in the di-
agnosis of intravertebral clefts [8, 21]. Also, segmental angu-
lar motion is important in terms of the association between
back pain and neurological deficits [9].

The current study demonstrated that T2 high-signal chang-
es were more accurate compared with T1 diffuse low and T2
diffuse low-signal changes and that the accuracy increased at
the 1-month follow-up. We were able to detect 53 % of cases

b 1
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distance from the top left corner of the receiver operating characteristic
curve (D) were used to determine the cutoff value. The areas under the
curve were 0.717 and 0.757, respectively (p = 0.001 and 0.003,
respectively)
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Table 4 Predictive values and

odds ratios of fractured vertebral SEN SPE PPV NPV ACC OR?* 95 % CI
motion (>5 degrees between

supine and weight-bearing posi- Enrollment Motion >5° 52.4 74.1 333 86.3 69.8 323 (1.08-9.63)
tions) for delayed union after os- 1 month Motion >5° 75.0 74.0 57.1 91.9 74.2 7.40 (2.15-25.47)

teoporotic vertebral fractures

MRI magnetic resonance imaging, SEN sensitivity, SPE specificity, PPV positive predictive value, NPV negative
predictive value, ACC accuracy, CI confidence interval

#The odds ratios (ORs) were adjusted for age, sex, level of fracture, and presence of posterior wall injury

of delayed union at enrollment by T2 high-signal changes,
with a PPV of 52 %. At the 1-month follow up, 66 % of cases
of delayed union were detected, with a PPV of 51 %. To
improve the low sensitivity of T2 high-signal changes, com-
bination of T2 high-signal changes with T2 diffuse low-signal
changes proved to be useful. Regarding the changes at two
time points, T1-confined low changes both at enrollment and
at the 1-month follow-up showed good results. T2 high or T2
diffuse low-signal changes were observed in 41 patients at
enrollment. Of them, nine patients showed iso or confined
signal changes at the 1-month follow-up, and most of them
had healed by the 6-month follow-up. On the other hand, the
fractured vertebral bodies in which T2 high or T2 diffuse low-
signal changes remained at the 1-month follow-up showed the
highest sensitivity, PPV, and accuracy for the prediction of
OVFs. These findings suggest that sequential MRIs might
facilitate prediction of the likelihood of union of OFVs; how-
ever, repeat MRIs involve a significant cost.

Previous reports have demonstrated the association be-
tween MRI findings and delayed union [16, 20, 22]. Cho
et al. showed that gadolinium-DTPA enhancement was useful
in predicting bony union [22] and that fractured vertebrae with
a smooth pattern were likely to be indicative of union. Tsujio
etal. [16] showed that diffuse low- and high-signal changes on
T2 MRI predicted an increased risk of delayed union within
2 months after onset. Kanchiku et al. [20] showed that 0.5-T

MRI could detect the association of delayed union with wide-
type fractures showing T1 low- and T2 high-signal changes
within 10 days after the fracture onset. The sensitivity and
specificity were 85 and 71 %, respectively. When they divided
the vertebral body into four sections, the location of the con-
fined signal change was not associated with delayed union.
Our results were similar to those of the above reports; howev-
er, these reports did not define T2 high-signal change or elu-
cidate the level of reliability [ 16, 20]. In addition, these studies
did not evaluate either the difference or the intensity change
according to time points after injury. In the current study, we
investigated the impacts using two time points in the acute
phase (at the time of enrollment, which was within 2 weeks
after the injury and at 1 month after the injury). We also de-
fined T2 high-signal changes as having an intensity equivalent
to that of cerebrospinal fluid, because it was often difficult to
confirm a lower degree of high-signal change. This simple
classification system appeared to be highly reliable.

On MRI, the presence of fluid collection has been de-
scribed in rare cases of avascular necrosis of the vertebral
body [23]. However, one study showed that a fluid sign was
detected in 40 % of OVFs [24]. In patients with OVFs in the
acute phase, histologic examination results showed that a gas-
containing cleft within a collapsed vertebra is associated with
signs of ischemic necrosis in both the acute and chronic
phases [24, 25]. After a prolonged period of supine

Table 5 Rank of ADLs before

and 6 months after the onset of Delayed union N =30 (%) Union N = 123 (%) p value
OVF and the proportion of
patients with reduced ADLs atthe ~ ADL before OVF
6-month follow-up J 23 (76.7) 112 91.1)
A 6 (20.0) 9(7.3)
B 13.3) 2 (1.6)
C 0 0 0.045%
ADL at 6 months after OVF
J 14 (46.7) 94 (76.4)
A 12 (40.0) 26 (21.1)
B 3 (10.0) 324
C 1(3.3) 0 0.002*
Reduced ADL at 6 months 11 (36.7) 18 (14.6) 0.006°

 Fisher’s exact test was used

® Chi-square test was used
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VAS score

100
90
30 74.7
70
60 71 .21 46.2
50 40.1
40 \34%
30 37.1
20 J
if 23.§ 18{

0
Enrollment 1-mo 3-mo 6-mo
-*—Delayed union Union P<0.001

Fig. 5 Change in the scores of the visual analog scale for back pain in
patients with and without union of fractured vertebrae. The p value was
calculated by a restricted maximum likelihood, mixed-model regression
model

positioning, the clefts may become filled with fluid, resulting
in a high-signal change on T2WI [26, 27]. Ischemia takes
place in the anterior segment of the vertebral body, which is
supplied by the anterior peripheral and metaphyseal arteries
[26]. Vascular insult leads to vertebral collapse, which results
in an insufficient revascularization and bone fracture healing
process. Especially in elderly patients, a vertebral compres-
sion fracture seems to represent the initial event, which is
followed by delayed fracture healing due to impaired vascular
proliferation and subsequently by osteonecrosis [25]. Flexion
and extension forces along the horizontal fracture plane may
prevent union of the fragments.

In our study, T1 diffuse low-signal changes showed very
low specificity at the 1-month follow-up because most of the
fractured vertebrae showed T1 diffuse low-signal changes.
Therefore, the signal change might be useful at the time of
enrollment, but not at the 1-month follow-up. Conversely, T2
diffuse low-signal changes showed significantly increased ORs
at the 1-month follow-up, but not at enrollment. Fractures have
been described as having intramedullary lines of very low sig-
nal intensity extending to the inner cortical margin on TIW1
[28]. These lines are frequently surrounded by larger irregular
zones of marrow abnormalities characterized by a slightly de-
creased signal intensity on T1WI and corresponding minimal
hyperintensity on T2WI relative to the normal marrow [29-32].
Signal changes on MRI represent hematomas, inflammation, or
edema adjacent to the disrupted trabeculae and cortex in the
acute or subacute phase [31-33]. In the current study, the fre-
quency of diffuse low-signal changes on T2WI was much low-
er than that on T1WI at enrollment and the 1-month follow-up
(5.2 vs. 43.1 % and 13.8 vs. 89.7 %, respectively). Therefore,
the sample size may have been too small to investigate T2
diffuse low-signal changes, especially at the time of enrollment,
because of the wide OR confidence interval. However, the ac-
curacy of T2 diffuse low-signal changes was higher than that of
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T1WI, which implies that T1 diffuse low-signal changes may
represent bone edema rather than a trabecular fracture.

The current study demonstrated that motion of the fractured
vertebrae at enrollment and at the 1-month follow-up was
associated with delayed union. There may be two explana-
tions for this mechanism. First, increased motion of the frac-
tured vertebraec may be associated with a large bone deficit,
which is likely to link to delayed union. Second, the increased
motion may cause delayed compression.

There is no data regarding the association of plain X-ray
findings with the prediction of delayed union. The sensitivity
and specificity were similar to those of the MRI findings, but
the PPV and ORs were lower. In addition, about 30 % of the
patients did not undergo the usual flexion-extension radio-
graphs because of back pain on extension of the spine.
These results show that MRI provides more useful informa-
tion than plain X-rays in predicting delayed union. However,
it is important to recognize the relationship of X-ray findings
with delayed union, because there are many institutions that
do not have MRI scanners.

There are several limitations to this study. First, the
frequency of the distribution of MRI findings might have
been affected by the amount of time that the patient was
in the supine position before the MRI. If patients lie in the
supine position for more than an hour, the frequency of
T2 high signals may increase, which may increase the
sensitivity for delayed union or decrease the PPV.
Second, this study used different MRI scanners, depend-
ing on the institution. Nonetheless, our simple method of
MRI classification showed high reliability. Third, 53 pa-
tients (24 %) were lost to follow-up. The average age of
the patients was 79.5 years, which was higher than that of
patients followed up for 6 months (75.9 years old). In
these patients, the average VAS scores of back pain were
70.7 and 36.1 at enrollment and the 1-month follow-up,
respectively. These scores were similar to those in patients
followed up for 6 months. The relatively high dropout rate
could be because it is difficult for elderly patients to make
repeated follow-up visits to the clinic. Finally, the ORs
may have overestimated the risk ratio for delayed union,
because the outcome showed high frequency [34].

In conclusion, this study demonstrated the radiological fac-
tors for prediction of delayed union after an OVF. T2 high-
signal changes showed the strongest association with delayed
union, for which sequential MRIs at two different time points
might be more useful. Five or more degrees of angular motion
on fractured vertebrae at the 1-month follow-up also increased
the OR by about seven times. Because delayed union is asso-
ciated with reduced ADLs and severe back pain, surgical inter-
vention or other conservative treatments should be considered
in these cases. Finally, appropriate selection of patients accord-
ing to the radiological findings is important in terms of
preventing surgical risk and reducing medical costs.
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